The genus Illicium is a rich source of prenylated C 6 -C 3 compounds, 1-3) neolignans 4) and seco-prezizaane-type sesquiterpenes. 5, 6) These compounds belong to unique structural types and occur exclusively in Illicium species and are considered to be characteristic chemical markers of Illicium species. The former two types are usually accumulated in the stem bark, root bark, and leaves. However, most sesquiterpenes tend to be biosynthesized in the fruit. We have continued chemical studies on the pericarps of Illicium merrillianum since 1999. As results, about 36 structurally novel sesquiterpenes have been isolated from this species [7] [8] [9] [10] [11] [12] [13] [14] and classified into the seco-prezizaane, anislactone, and allo-cedrane types. It is worthy of note that an anislactone-type compound, merrilactone A, isolated from this plant shows interesting neurotrophic activity.
quiterpenes. 5, 6) These compounds belong to unique structural types and occur exclusively in Illicium species and are considered to be characteristic chemical markers of Illicium species. The former two types are usually accumulated in the stem bark, root bark, and leaves. However, most sesquiterpenes tend to be biosynthesized in the fruit. We have continued chemical studies on the pericarps of Illicium merrillianum since 1999. As results, about 36 structurally novel sesquiterpenes have been isolated from this species [7] [8] [9] [10] [11] [12] [13] [14] and classified into the seco-prezizaane, anislactone, and allo-cedrane types. It is worthy of note that an anislactone-type compound, merrilactone A, isolated from this plant shows interesting neurotrophic activity. 14) Thus it has attracted synthetic organic chemists due to its structural complexity and outstanding biological activity. 15) Those results inspired us to undertake the systematic studies on I. merrillianum. The methanol extract of I. merrillianum was first separated into fractions A-G (see Experimental). The main chemical constituent of fractions F and G was shikimic acid. Fractions A-E were purified by various types of chromatography to afford new compounds, as described in our previous papers. [7] [8] [9] [10] [11] [12] [13] [14] Our further studies of the residual fractions E, D, and C led to the isolation of seven new sesquiterpenes 1-7. This paper deals with the isolation and structural elucidation of these new sesquiterpenes.
Compound 1 had the molecular formula C 15 1 H-NMR data were very similar to those of 10 ( Table 1 ). These data suggest that 3 has a carbon skeleton like cyclomerrillianolide (10), 13) which is the acetal form of merrillianolide (9) . Compound 3 had three tertiary methyl groups, two isolated methylene groups, one CH 2 -CH 2 moiety, and an oxymethine group. However, the signal at d H 3.99 due to the sole methine existing in 3 was different from H-10 resonating at d H 5.14 in 10. The C-8 position of this oxymethine group was confirmed from the HMBC correlations of H-8 to C-7, C-9, and C-10. Thus 3 is a 3-deoxy-8-hydroxy-10-deoxy analogue of 10. Acetylation of 3 gave the triacetylated derivative 3a, in which the hydroxyl groups at C-1, C-6, and C-8 were acetylated but not the C-7 hydroxyl group. This was confirmed by downfield-shifted resonances for C-1, C-6, and H-8. The relative stereochemistry of 3 was deduced from the NOESY data as shown in Fig. 1 . CH 3 -12 and CH 3 -15 took b-configurations since they showed NOESY correlations with H-14 and H-10, respectively. Additionally, H-8 was determined to have a b-configuration based on the NOESY correlation of H-8 with H-10 and H-12. Hence compound 3 was elucidated to be 8a-hydroxy-10-deoxycyclomerrillianolide. Although 10 occurs with 9 as an acetal/keto equilibrated mixture in a methanol solution, 3 exists solely in acetal form.
Compounds 4 and 5 were obtained as a mixture in the ratio of 3 : 2, deduced from the 1 H-NMR data. The HR-FAB-MS of the mixture showed a molecular ion peak at m/z 337.1281 [MϩNa] ϩ , corresponding to the molecular formula C 15 H 22 O 7 . Its IR spectrum displayed absorption bands at 3358 and 1718 cm Ϫ1 due to hydroxyl and carbonyl groups. The well-separated signals (Table 2) in the 1 H-NMR spectrum can be easily assigned to each compound according to the integration of each signal, and thus the 13 C-NMR data (Table 2) were unambiguously assigned on the basis of the HMQC and HMBC correlations. The 1 H-NMR data of 4 were found to be similar to pseudoanisatin (8) except for a newly appearing singlet resonance at d H 4.27, corresponding to an oxymethine. The molecular formula of 4 also showed one more oxygen atom than 8. The HMBC correlations of this oxyproton signal (d H 4.27) to C-11, C-9, and C-1 disclosed that its position was at C-10. Thus the planar structure The relative configuration of 4 and 5 must be the same, since they readily reach a state of equilibrium. In the NOESY experiment, the observation of a cross-peak of H-15/H-10 assigned the CH 3 -15 as a b-configuration, and H-10 as an aconfiguration. The NOESY correlation of H-10/H-8b provided further evidence for the a-configuration of H-10. Both H-3 and CH 3 -12 have b-configurations as deduced from the NOESY correlations of H-3/H-14b and H-12/H-14a. Thus the structures of 4 and 5 were elucidated to be 10b-hydroxypseudoanisatin and 10b-hydroxy-cyclopseudoanisatin, respectively.
Compounds 6 and 7 were also isolated as an equilibrated mixture in the ratio of 2 : 3. Both had the molecular formula C 15 H 24 O 6 as deduced from a [MϩH] ϩ ion peak at m/z 301.1652 in HR-CI-MS. The IR absorption bands at 3291 and 1715 cm Ϫ1 indicated the presence of hydroxyl and carbonyl groups. Since all 1 H-NMR signals of the mixture were well separated and the integrations of signals for each compound were different, it was easy to assign all signals to each compound. The (Table 3) revealed the presence of two isolated methylene groups (H 2 -10, H 2 -14), a CH 2 -CH-O and a CH 2 -CH 2 fragment, and three tertiary methyl groups, indicating that 6 is a minwanensin-type sesquiterpene. In contrast to the NMR signals for minwanensin, 17, 18) This implies that 7 is the cyclic ortholactone form of 6. The cyclic ring must be formed between C 14 -OH and the carbonyl group at the C-11 positon, since the H-14 signals showed an HMBC correlation with C-11. According to the NOESY data of 6 and 7, H-15 showed a cross-peak with H-10a, and both H-12 and H-10b showed correlations with H-14. Therefore CH 3 -12, CH 3 -15, and CH 2 -14 all took b-configurations as minwanensin. Thus compounds 6 and 7 were assigned to be 1,6-dihydroxy-3-deoxyminwanensin and 8-deoxymerrilliortholactone, respectivelty. Compounds 6 and 7 were the first examples involving an equiliblium between a cycloparvifloralone-type and a minwanensin-type compound.
In a previous investigation, some sesquiterpenes were isolated as keto/hemiacetal mixtures. The isolation of an equilibrated mixture of 4 and 5 as well as of 6 and 7 adds two other examples to this case. To date, these types of mixture have been found to appear in the pseudoanisatin-, 19) minwanensin-, and pesudomajucin-subtypes 7) of seco-prezizaanetype sesquiterpenes. However, some compounds of these subtypes exist as one form. It is assumed that some structural factors play important roles in the tendency toward the equilibrium.
Experimental
Melting points were determined on a Yanagimoto micromelting point apparatus. Optical rotations were measured on a Jasco DIP-1000 digital polarimeter. IR spectra were measured on a Jasco FT-IR 5300 infrared spec-
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Vol. 52, No. 1 trophotometer. NMR spectra were recorded on a Varian Unity 600 instrument. Chemical shifts were given as d (ppm) with TMS as an internal standard. The MS were recorded on a JEOL AX-500 instrument. Column chromatography was carried out on Kiselgel 60 (70-230 mesh and 230-400 mesh), Wakogel C-300, and Sephadex LH-20. Plant Material The ripe fruits of I. merrillianum A. C. SMITH were collected in Yunnan, China, in September 1998, and voucher specimen 94041 has been deposited in the Herbarium of Beijing University of Chinese Medicine.
Extraction and Isolation The pericarps of I. merrillianum (3.7 kg) were powdered and extracted with methanol at room temperature to give about 1 kg of pale yellow extract. The extract (430 g) was chromatographed on 400 g of silica gel eluted successively with CH 2 Cl 2 , CH 2 Cl 2 -EtOAc (9 : 1, 1 : 1), EtOAc, EtOAc-MeOH (7 : 3), and MeOH to yield seven fractions (A-G).
Fraction E (3.8 g) was further separated on a sephadex LH-20 column to afford fractions 1-4. Fraction 2 (3 g) was chromatographed on a silica gel column eluted with n-hexane-EtOAc Fraction D (7.0 g) was isolated by chromatography on Sephadex LH-20 to give fractions 21-26. Fraction 21 was subjected to column chromatography on silica gel eluted with n-hexane-EtOAc (1 : 3) to afford fractions 27-34. 
